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METHOD AND SYSTEM FOR MINIMIZING THE CYCLE TIME 
WHEN COMPILING A PROGRAM IN A PROCESSING SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to scheduling the compiling of computer directories and 
in particular to a method and system for minimizing the cycle time when compiling a complex 
program. 

BACKGROUND OF THE INVENTION 

Figure 1 is a block diagram of a computer system 100 for implementing a complex 
program. The computer system 100 includes an operating system 102 which controls a 
plurality of processors 104a-104d. The processors 104a-104d are utilized to compile the 
program 106. The program could be, for example, an operating system such as an AIX 
operating system. 

Typically, a first version of a complex program such as an operating system has 
errors therewith. In addition, during the development of the program new features are 
added. Accordingly, during the development process, typically several changes may be 
made in the source code related to the complex program. 

One way to develop the complex program is to have a single large directory that 
contains the entire program. However, if a single large directory were utilized to hold data it 
would require a significant amount of time to make source code changes in the program. 
The reason why source code changes would take a significant amount of time is that every 
time a source code change was made in the program, the entire program, no matter where the 
source code change was made, would have to be accessed up to that source code change. 



AUS920000328US1 

-2- 

Attempting to manage revisions in this manner would require a significant amount of time. 

To more efficiently compile the complex program from version to version in the 
development process, the program is broken up into a directory structure where discrete files 
of the code are placed in specific directories or subdirectories. Within each directory are 
files related to a particular function of the code. 

The program is broken up into directories or subdirectories to allow for different 
entities to be responsible for different fimctions of the code. The files within the directories 
that are used in compiling the program can be maintained individually in a program library 
and accessed as desired. The dependencies of the directories preferably conform to the 
compile environment conventions of a particular environment , such as Open Software 
Foundation (OSF) Development Environment. 

One way of compiling the code files within each of the directories is to use a MAKE 
facility. The MAKE facility creates a plurality of make files. In an OSF environment, each 
make file provides the data that is needed to compile the code files within a particular 
directory and includes the directory's dependencies on other directories. Breaking the 
complex program up into code files based upon the directory structure allows for quick 
access to source code changes and also quick identification of those changes. Typically, the 
code files within one directory can have a dependency on the code file in one or more other 
directories. That is, the code files of one directory have to be compiled before the code files 
of one or more other directories. 

Li compiling the complex program 106, the change in code within each of the 
directories is accessed by a processor 104a-104d and scheduled by a scheduler (not shown) 
for compilation prior to integration into an executable program. For successful compilation 
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of the complex program 106, the code files within each of the directories required must be 
scheduled for compilation in the correct sequence. Furthermore, logically independent 
directories must be scheduled for compilation before their dependent directories can be 
compiled. 

Scheduling the compilation of directories when there are no dependencies between 
the directories is relatively simple. However, the scheduling becomes complex when there 
are dependencies therebetween. As before mentioned, different entities are typically 
responsible for a particular portion of the program. The scheduling is complex because each 
of the directories is maintained independently of each other on an ongoing basis by the entity 
that is responsible for a particular directory. This may result in a modification to a particular 
directory, which introduces dependencies on other directories that are unknown to the 
scheduler. 

Accordingly, if a directory that is dependent upon another directory is compiled before 
that directory, a deadlock occurs. The deadlock can result in a significant delay in compile 
cycle time. The delay can significantly negatively impact the development process of each 
program. 

Accordingly, what is needed is a system and method for reducing the compile cycle 
time of a complex program. The solution should be simple, cost effective and capable of being 
easily adapted to current technology. The present invention addresses such a need. 

SUMMARY OF THE INVENTION 

A method and system for minimizing the cycle time when compiling a program in a 
computer system is disclosed. The program includes a plurality of directories and each of the 
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directories includes a code file. The method and system comprises the steps of providing a 
master array of directories of the program, wherein the master array Hsts the dependencies of 
the directories; providing a code change to the program to provide an updated program; 
providing associated dependency changes to the master array to provide an updated master 
array; and compiling the updated program utilizing the updated master array wherein the code 
files of the directories are compiled in an ordered manner based upon the dependencies of the 
plurality of directories. 

Through the use of the method and system in accordance with the present invention, 
compile cycle time for large programs is significantly reduced. A second advantage is that 
since the dependencies are updated substantially simultaneously v^th code changes, there are 
minimal dependency violations and therefore few deadlocks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates a conventional computer system. 

Figure 2 illustrates a computer system in accordance with the present invention. 
Figure 3 is a flowchart of the operation of the method in accordance with the present 
invention. 

Figure 3 A is a diagram illustrating the use of the static master array when updating the 
program. 

Figure 4 illustrates a dynamic master array structure in accordance with the present 
invention. 

Figure 5 is a flow chart for minimizing the cycle time when building a program in 
accordance with the present invention. 
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Figure 5a illustrates a directory update mechanism in accordance with the present 
invention. 

Figure 5B illustrates a method for merging the dependency change array with master 

array. 

Figure 6 is an illustration of a directory list and a processor list. 
Figure 7 is a flowchart of an example of the operation of the preferred embodiment of 
the method in accordance with the present invention. 

DETAILED DESCRIPTION 

The present invention relates to a method and system for minimizing the cycle time 
when compiling a complex program. The following description is presented to enable one of 
ordinary skill in the art to make and use the invention and is provided in the context of a patent 
application and its requirements. Various modifications to the preferred embodiment and the 
generic principles and features described herein will be readily apparent to those skilled in the 
art. Thus, the present invention is not intended to be limited to the embodiment shown but is 
to be accorded the widest scope consistent with the principles and features described herein. 

The present invention is disclosed in the context of a preferred embodiment. The 
preferred embodiment of the present invention provides for a method and system for allowing 
a computer system to utilize a scheduler to optimize the use of the plurality of processors when 
compiling a complex program such as an AIX operating system. The primary advantage of the 
utilization of the method and system in accordance with the present invention is that long 
compile cycle times due to large compile tree structures are reduced because there are no 
compile delays due to idle processors. A second advantage is that since the dependencies are 
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updated substantially simultaneously with code changes, there are minimal dependency 
violations and therefore few deadlocks. 

Referring now to Figure 2, what is shown is a computer system 200 in accordance with 
the present invention. The system includes similar elements to those shown in Figure 1 . In 
addition, the system 200 includes a scheduler 202 which provides for the optimization of the 
use of the processors 104a'-104d' when compiling the complex program 106, a master array 
204 which indicates the dependencies of the directories processor, and an array 206 which lists 
the processors 104a-104d. 

hi a preferred embodiment of the present invention, the scheduler 202 receives a list of 
directories of code files to be compiled from the master array 204 and also receives a list of 
processors available from a processor array 206. The directories are in a free structure that 
allows for a determination of the dependencies of directories. The scheduler 202 ensures that 
each of the available processors is assigned to an available directory (i.e., no processor is idle 
when the code files of a directory are available to be compiled). The list of directories is read 
by the scheduler 202 and upon finding one that has its dependencies satisfied (i.e., all 
directories which had to be processed first have been processed), the scheduler 202 then 
searches for an available processor. The scheduler 202 then reads the list of processors until it 
finds one that is available and assigns the directory to the processor. Also, as the processor list 
is being read, the scheduler looks for processors that have completed their work and updates 
the processor list and the directory list. 

For a better understanding of the operation of the preferred embodiment of the method 
in accordance with the present invention, please refer to Figure 3. Figure 3 is a flowchart of 
the operation of the method ui accordance with the present invention. First, a list of directories 
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of the program and a list of processors are provided, via step 302. Thereafter, a directory is 
assigned to the next available processor in an ordered manner to compile the code files within 
the du-ectory, via step 304. 

hi a typical scenario, the ordered manner for assigning the du-ectories is performed 
(step 304) utilizing a static master array 204'. Accordingly, Figure 3A is a diagram illustrating 
the use of the static master array 204' when updating the program 106. The static master array 
204' provides a static Hst of dependencies of the dhectory to the scheduler 202, and the 
processor array 206 provides the list of processors. When there is a code update 210' to the 
large program 106, these changes are provided to the large program by the persons responsible 
for the du-ectories. The scheduler 202 schedules the processors 104a-104d to compile the 
updated large program 106 based upon the code changes. 

The static master array 204' provides the order in which the processors are to compile 
the code files associated with each of the directories based upon the dependencies of the 
directories. The ordering of the directories allows for compiling of the code files of some 
directories in parallel. For example, assume there are three directories A, B and C. Directory 
A is not dependent on any directory. On the other hand, directories B and C have no 
dependencies on each other but both are dependent upon directory A. Therefore, directories B 
and C can be compiled m parallel after directory A has been compiled. 

hi so doing, the compiling of the program can be accomplished more quickly. In large 
programs this "paralleUzation" of the compiling of the code files of the directories can have 
significant unpact. For example, compilmg the service code for an ATX operating system 
without paralleUzation may require up to 3 days, whereas with parallelization the compiling of 
the operating system could be accomplished m 1 Vz days. 
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Accordingly, in this system, the complex program is periodically updated via changes 
to the code files in each of the directories. However, if the dependencies of the directories also 
change, the program will break at the point the dependencies are not satisfied. Accordingly, a 
deadlock can residt therefrom which will increase the overall time to compile the program. If 
a deadlock occurs, the increase in compile time can be significant. For example, the compile 
time of a program can increase firom 1 Vi days to a week if several deadlock conditions occur. 
Accordingly, a system and method in accordance with the present invention minimizes the 
number of deadlocks. For a further explanation of the features of the present invention, refer 
now to the following discussion in conjunction with the accompanying figures. 

hi a system and method in accordance with the present mvention, at the same time the 
code changes are utilized to provide an updated large program, dependency changes are also 
provided to the master array to provide an updated master array. In so domg, the updated 
program can be compiled while minimizing the deadlocks. 

For a more detailed description of the features of the present invention, refer now to the 
following discussion in conjunction with the accompanying figures. Figure 4 illustrates a 
dynamic master array structure 400 in accordance with the present invention. The system 
includes similar elements to those shown in Figure 3 A. hi addition, the system 402 includes a 
directory update mechanism 404 for providing dependency changes to the master array 402. 

For a better understanding of the method in accordance with the present invention, 
please refer now to Figure 5. Figure 5 is a flow chart for updating a program in accordance 
with the present invention, hiitially, a master array of directories is provided, wherein the 
master array is a Ust of the dependencies of tihe directories, via step 502. 

Next, a code change 21 0' is provided to the large program 106 to provide an updated 
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program, via step 504, and dependency changes are also provided via the directory update 
mechanism, via step 506, to provide an updated master array 402, via step 508. The directory 
update mechanism performs one of two tasks. It either adds a dependency change or replaces a 
dependency change in the master array. The dependency changes can include both new 
dependencies changes, which are related to new directories, as well as changes in dependencies 
to existing directories. For a more detailed description of the directory update, refer now to the 
following discussion in conjunction with the accompanying figures. 

The merging of the dependency changes array and the master array minimizes 
deadlocks when compiling the program. For a description of a preferred embodiment of this 
merging of the two arrays, refer now to the following. 

Figure 5A is a flow chart of a directory update mechanism in accordance with the 
present invention. First, an array of dependency changes is constructed, via step 542. Next, 
the dependency changes array and master array are merged to create an updated master array, 
via step 544. 

Figure 5B is a flow chart of merging the dependency changes array with master array. 
First, the dependency changes array is provided, via step 550. Then a dependency change is 
obtained from the array, via step 551 . Next, it is determined if the dependency change is in a 
directory in the master array, via step 552. If the dependency change is not found, meaning 
that this is a new directory entry, then the dependency change is added to a new directory in the 
master array, via step 554. Thereafter, it is determined if there is another dependency change, 
via step 558. If there are no more dependency changes, then end. If there are more 
dependency changes, then return to step 55 1 . If, on the other hand, the dependency change is 
found via step 552, meaning that this is a dependency change within an existing directory, then 
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the dependency change in the master array is updated, via step 556. Then proceed to step 552 
to determine if there are any more dependency changes. 

Referring back to Figure 5, the updated program 106 is then compiled through the use 
of the updated master array 402, via step 506. In a preferred embodiment, a scheduler 202 
would receive the updated list of dependencies from the master array 402 and a list of 
processors from a processor array 206 to compile the program. 

Referring back to Figure 3, after a directory is assigned to a processor m an ordered 
manner (step 304), the list of processors and the list of directories are then updated, via step 
306. Finally, steps 304 and 306 are repeated to ensure that code files of the maximum number 
of directories are being compiled. Accordingly, utilizing a system and method in accordance 
with the present invention, processors 104a'-104d' (Figure 2) are continuously compiling the 
code files of the available directories to provide the complex program. 

Although the preferred embodmient of the present invention is described as being 
utilized in accordance with the OSF Development Environment, one of ordinary skill in the art 
will readily recognize that a variety of operational environments could be implemented while 
remaining within the spirit and scope of the present invention. 

Through the use of the method and system in accordance with the present invention, 
compile cycle time for large programs is significantly reduced. Accordingly, the dependencies 
are updated substantially simultaneously with the code changes, thereby allowing for the 
compiling of the large program with minimal dependency violations. 

For an example of the operation of the preferred embodiment of the method in 
accordance with the present invention, please refer to Figure 6 and Figure 7. Figure 6 is an 
illustration of a directory list 650 and a processor Hst 660, shown as a two-dimensional array 
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640 within the operating system. Figure 7 is a flowchart of an example of the operation of the 
preferred embodiment of the method m accordance with the present invention. Referring back 
to Figure 6, the directory Ust 650 includes the dependencies associated with each respective 
directory. For example, the code files of Dkectory 1 are dependent on the code files of 
Directory 2, Directory 2 has no dependencies, the code files of Directory 3 are dependent on 
Directory 4, Directory 2, and Directory 1, etc. 

Please refer now to Figure 7. The method begins by first providing the directory list 
650, via step 710. Next, the processor list 660 is provided, via step 702. A determination is 
then made as to when a directory is available, via step 704. Next, a determination is made as to 
when a processor is available in an ordered manner, via step 706. Note that Directory 2 has no 
dependencies. Accordingly, Directory 2 is assigned to processor 104a' (Figure 2), via step 708. 
Once processor 104a' has completed the compiling of the code files of Directory 2, processor 
104a' isfi-ee. 

Next, the status of the directory list 650 and the processor list 660 is checked, via step 
710. The directory list 650 and the processor list 660 are then updated, based on step 712. 
Next, steps 704 and 706 are repeated, via step 714. The code files of Directories 1 and 4 are 
ready to be compiled so they are assigned to processor 104a' and processor 104b' respectively, 
via step 716. Next, steps 710, 712, 704 and 706 are sequentially repeated, via step 718. The 
remaining directories have dependencies on Directory 1 and Directory 4. Accordingly, once 
processor 104a' and processor 104b' have completed compiling the code files of Directories 1 
and 4 respectively, the code files of Directories 3, 5, 6 and 7 are respectively assigned to 
processors 104a-104d, via step 720. 

Through the use of the method and system in accordance with the present invention, 
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two distinct advantages are realized. The primary advantage is that long compile cycle times 
due to large compile tree structures are reduced because there are no compile delays due to idle 
processors. A second advantage is that since the dependencies are updated substantially 
simultaneously with the code changes, there are minimal dependency violations and therefore 
few deadlocks. 

Although the present invention has been described in accordance with the 
embodiments shown, one of ordinary skill in the art will readily recognize that there could be 
variations to the embodiments and those variations would be within the spirit and scope of the 
present invention. Accordingly, many modifications may be made by one of ordinary skill in 
the art without departing from the spirit and scope of the appended claims. 



